We discuss the polarized proton-positron scattering in the context of the excess of high-Q 2 events at HERA. We define and estimate a polarized asymmetry to examine the two scenarios, the contact interaction and stop scenario without R-parity. This asymmetry shows a characteristic behavior depending on the scenarios. Thus the polarized experiment at HERA will provide with a good test for these models.
In 1997, an event excess in the neutral current process, e + p → e ′+ X, was reported by H1 [1] and ZEUS [2] at HERA. The excess was in the region of high momentum transfer Q 2 ≥ 15, 000 [GeV 2 ] at √ s = 300 [GeV] , and the observed cross section was 0.71 +0.14 −0. 12 [pb] whereas the standard model (SM) predicts 0.49 [pb] . The present situation is rather vague [3, 4] and it is still an open question whether it is really an anomalous event or just comes from statistical fluctuation. If the excess is not just a statistical fluctuation, it must be an indication of new interactions beyond the SM, because it might be very difficult to explain the data in the framework of the SM.
There appeared many proposals and analyses; new contact interactions (C.I.) stemming from high energy scale physics are analyzed [5, 6, 7] and supersymmetric models (SUSY) with R-parity violating (R p / ) interactions are also discussed [5] . The two-stop scenario [8] , left stopt L is a mixture of the almost degenerate mass eigenstates oft 1 andt 2 , with R p / interactions was proposed as one of candidates to explain broad mass distribution in the data [3, 8] .
HERA will start the polarized experiment [9] , polarized proton p(↑ / ↓) and lepton (positron in our discussion) scattering, in the near future. The polarized experiment is important because the polarization of the proton and lepton beams make it possible to test the chiral structure of the interactions [10] . So it is interesting to ask what HERA will teach us about the models in the future polarized program. In this paper, we examine two scenarios, the C.I. and two-stop scenarios in the context of the high-Q 2 HERA events at the polarized HERA. Our interest is how we can examine these scenarios and what is the characteristics of the models. Thus we discuss these scenarios in the future polarized experiment e + p(↑ / ↓) → e +′ X at HERA.
After showing the model Lagrangians, we calculate the parton level cross sections which will be convoluted with parton distributions to form the physical cross section. The Lagrangian for the C.I. [5, 6, 7] assumes the form:
which is the effective interaction of a certain underlying high energy physics describing low energy phenomena in the neutral current process. The subscript R (L) denotes the chirality of the fields. The coupling constant η q IJ would be order 1/Λ 2 where Λ is a mass scale of a heavy particle which might be exchanged among quarks and leptons.
Thus these couplings are suppressed by the mass scale of the new physics, and some constraints for η IJ [7, 11] are obtained assuming the lepton and quark universalities
The second is the stop scenario with R p / interaction [5, 8] . The superpotential is given by:
where L 1 and Q 3 are the superfields of SU (2) 
For the scalar fields, R (L) denotes the chirality of their superpartners. We discuss the proton-lepton scattering, so the only first termt Ld P L e + h.c. is relevant. In the two-stop scenario, left stopt L is a superposition of two mass eigenstatest 1 ,t 2 with a mixing angle θ t , namelyt L =t 1 cos θ t −t 2 sin θ t . The stopt L can couple only to the left handed lepton field e L and right handed down quark d R . This is an important point in our discussion, because the polarized experiment can distinguish the chiral structure of the interactions in the parton-lepton scattering. The partonic cross sectionsσ for the models are given by:
where I(J) = ± correspond to the helicity ±1/2 of the positron (quark), x B is the Bjorken variable and x is the momentum fraction of the parton, α e = e 2 4π
, θ W is the electro-weak angle,ŝ andû are the Mandelstam variables with respect to the partonpositron system, which is defined byŝ = xs,û = xu. ∆ is a contribution from the C.I. or R p / interaction. We neglect the masses of the quarks and leptons in this paper.
The coupling constants to photon are given by:
and to the Z boson are given by:
For the C.I., ∆ is given by:
The stop exchange with R p / yields a following contribution : and Γt 1,2 are the masses and widths oft 1,2 respectively. The cross section for the polarized proton-positron scattering is obtained by convoluting the partonic cross sections with the polarized parton distribution functions. The cross section σ(e + p(↑)) for the longitudinally polarized proton p(↑) and lepton scattering can be written:
where f ±/↑ (x) is a polarized parton distribution function for the flavor f parton with momentum fraction x and helicity ±1/2 in the proton p(↑).
We are interested in the region which is characterized by the two variable In Fig.1 , we show the polarized parton distributions xu ±/↑ (x), xd ±/↑ (x) in the proton as a function of the momentum fraction x. The scale of distributions is taken to be Q 2 = 10, 000[GeV 2 ] in the figure, using the parameterization of Ref. [12, 13] . One can see that the most of the down quarks are oppositely polarized (xd + (x) ≤ xd − (x)) with respect to the proton spin, while the up-quarks are polarized along the proton spin (xu − (x) ≤ xu + (x)).
The largest component in the proton in the region which we are interested in is the up quark with helicity +1/2. In the C.I. scenario, the up quarks might contribute to the high-Q 2 excess if η u IJ is large enough. While in the stop scenario, they can not contribute, because there is no coupling between the up quark and stop. The next large component is the down quark with helicity −1/2, which neither couple to the stop. The situation changes if we use the oppositely polarized proton beam p(↓) because the down quarks with helicity +1/2 becomes the next large component in the proton p(↓). So the cross section for e + p(↓) → e +′ X is larger than that of e + p(↑) → e +′ X in the stop scenario.
It is useful to introduce the spin asymmetry A, which is defined by:
where σ ↑/↓ is the integrated cross section for the polarized proton p(↑ / ↓) and lepton 
In Fig.2 , we plot the spin asymmetry for the C.I.. We consider the following three parameter sets.:
B : η
in units of TeV −2 . The coupling constants which are not shown are put to be zero for the parameter set A and B [6] . The parameter set C is chosen with the constraints [7, 11] from the low energy experiments assuming the lepton and quark universalities and
However, numerical estimation shows that the parameter set C barely describes the HERA data. One can see that the stop contribution change the standard model prediction significantly. This is because the proton contains −1/2 down quarks and the only down quark with −1/2 can couple to the stop which produce the large contribution to the cross sections. This is a characteristic feature for the stop scenario with R p / .
In summary, we discussed the polarized proton-positron scattering in the context of the excess of high-Q 2 events at HERA. For the C.I., the asymmetries A are rather flat with Q 2 0 and the value depend on the parameter sets. While for the two-stop scenario, there is a characteristic dependence on Q 2 0 , the value changes from zero to near -1 as the Q 2 0 becomes larger. These behavior at future polarized HERA will be a good test for these models.
